Quinupristin-dalfopristin may be useful for treatment of organisms causing peritoneal dialysis-related peritonitis, including methicillin-resistant coagulase-negative staphylococci, methicillin-resistant Staphylococcus aureus, and vancomycin-resistant enterococci. The pharmacokinetic profiles of single intravenous doses of this combination streptogramin antibiotic of 7.5 mg/kg of body weight were characterized for eight noninfected patients receiving continuous ambulatory peritoneal dialysis. Comparison was made to pharmacokinetic profiles determined for eight healthy volunteers matched by age, sex, and race. Drug was measured in dialysate up to 6 h following the dose. Plasma and dialysate were assayed for parent compounds and metabolites. Mean pharmacokinetic parameters were compared between groups. No statistically significant differences were observed between groups for maximal concentrations in plasma, times to maximal concentration, areas under the curve, distribution volumes, rates of total body clearance, or half-lives in plasma for quinupristin and dalfopristin. No statistically significant differences were observed in maximal concentrations in plasma, times to maximal concentration, areas under the curve, or half-lives for cysteine, the glutathione conjugates of quinupristin, or the pristinamycin IIA metabolite of dalfopristin. The measurements in dialysate of the parent and most metabolites were below the expected MICs. Dialysis clearance was insignificant. Quinupristin-dalfopristin was well tolerated in both groups, causing only mild adverse events that resolved prior to discharge from the study. The disposition of quinupristin, dalfopristin, or their primary metabolites following a single dose was unaltered in patients receiving peritoneal dialysis. Intravenous dosing of this antibiotic combination is unlikely to be adequate for the treatment of peritonitis associated with peritoneal dialysis.
Antibiotic use continues to be common for patients receiving peritoneal dialysis. Peritonitis and catheter-related infections are frequent complications of this dialysis modality. Concerns over the emergence of methicillin-and vancomycinresistant microorganisms have led to recent changes in treatment recommendations for these infections (6) . Methicillinresistant strains of Staphylococcus aureus and coagulasenegative staphylococci have been identified for many years in peritoneal dialysis patients. More recently, vancomycin-resistant Enterococcus faecium and a strain of S. aureus with intermediate susceptibility to vancomycin have been observed in peritoneal dialysis patients (2, 7, 9) . In addition, antibioticresistant strains are a growing cause of nosocomial infections (12) . Quinupristin-dalfopristin, a new semisynthetic combination streptogramin, has shown in vitro and in vivo activities against many bacterial strains, including those with methicillin and vancomycin resistance (4, 10, 11, 13) .
Quinupristin-dalfopristin (Synercid; Rhône-Poulenc Rorer) is the first injectable streptogramin. It is a combination of two semisynthetic derivatives of pristinamycin I and pristinamycin II in a fixed 30/70 ratio. The two components act synergistically against gram-positive organisms by inhibiting bacterial protein synthesis (1) . The combination is usually bactericidal in vitro. The drug is not active against gram-negative bacilli.
Previous studies of healthy volunteers have been conducted to establish the pharmacokinetic parameters for quinupristindalfopristin. Following intravenous administration of 14 C-quinupristin-dalfopristin, approximately 75% of the dose of drugrelated components was excreted unchanged in the feces while less than 20% was recovered in the urine (5) . Unchanged quinupristin accounted for 35% of total radioactivity of the pristinamycin I components excreted in the urine, and its main metabolite, a cysteine conjugate (RPR 100391), accounted for 38%. No unchanged dalfopristin was recovered in urine, but its metabolite pristinamycin IIA (RP 12536) represented 70% of total radioactivity of the pristinamycin II components excreted in the urine. RPR 100391 and RP 12536 possess in vitro antibacterial activities comparable to those of quinupristin and dalfopristin, respectively. The apparent elimination half-life (t 1/2␤ ) of each active compound was approximately 1.5 h for healthy volunteer subjects (3). Levels of protein binding of quinupristin and dalfopristin in healthy subjects were 23 to 32% and 50 to 56%, respectively (11a). The objectives of the present study were to characterize the pharmacokinetic profiles of quinupristin-dalfopristin in patients receiving continuous ambulatory peritoneal dialysis (CAPD), to determine the rate of antibiotic excretion into the peritoneal effluent, and to compare the pharmacokinetic parameters of quinupristin-dalfopristin in CAPD patients to those observed for healthy volunteers with normal renal function.
MATERIALS AND METHODS
Eight noninfected CAPD patients and eight healthy volunteers matched for sex, race, and age (Ϯ5 years) participated in this open-label, matched-control study. All participants were between the ages of 18 and 75 years, were not pregnant, and were within 25% of their ideal body weights. All CAPD patients had been receiving CAPD and had been peritonitis-free for at least 1 month. Patients were excluded if they smoked or if they had a positive serology result for hepatitis B, hepatitis C, or human immunodeficiency virus. Concomitant medications that might have affected hepatic microsomal enzymes were not allowed for 1 month prior to or during the study. All other medications routinely prescribed for dialysis patients were continued. All participants gave written informed consent. We obtained a baseline medical history and electrocardiogram and performed a physical examination and routine clinical laboratory testing prior to administration of the study drug. A clinical evaluation of each participant was repeated on the day of the study prior to drug administration and 10 h later upon completion of the study. All CAPD patients were studied in the Quinupristin-dalfopristin was given intravenously as a single dose of 7.5 mg/kg of actual body weight. The drug was administered with an infusion pump over 60 min in 250 ml of dextrose-5% water. All CAPD patients were subjected to a 1.5% dextrose dialysis exchange just prior to the start of drug dosing. The subsequent exchange was performed 6 h later.
Blood sampling. Two blood samples (4 ml each) were withdrawn from the arm opposite that receiving the drug infusion at the following times: time zero (prior to study drug administration); 15, 30, 60, 70, 80, 90, and 105 min after the start of infusion; and 2, 2.5, 3, 4, 5, 6, 8, and 10 h after the start of the infusion. Samples were withdrawn into two vacuum tubes, each of which contained 0.5 ml of 3.8% citrate. Immediately after collection, 9 ml of citrated blood was transferred into a tube containing 2 ml of 0.25 N hydrochloric acid kept on ice. The mixture was stirred gently by hand, and the tube was centrifuged immediately at 2,000 ϫ g and 4°C for 15 min. The resulting plasma supernatants were stored at Ϫ20°C.
Dialysate sampling. Dialysate effluent (50 ml) was withdrawn through the peritoneal dialysis catheter at 1.25, 2, 3, and 6 h following the start of the quinupristin-dalfopristin infusion. Buffer solution (5 ml, pH 3) was added immediately. Samples were stored at Ϫ20°C. 
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Sample analysis. Concentrations of quinupristin and its metabolites RPR 100391 (cysteine conjugate) and RP 69012 (glutathione conjugate) and of dalfopristin and its metabolite RP 12536 (pristinamycin IIA) in plasma and dialysate were determined by a specific and sensitive high-performance liquid chromatography method with UV and fluorescence detection after liquid-solid extraction (8) . With plasma, the assay was linear from a limit of quantitation of 0.025 to 5 g/ml for quinupristin, dalfopristin, and RP 12536 and a limit of quantitation of 0.01 to 1 g/ml for RP 69012 and RPR 100391, with a 1.35-ml sample volume. With dialysate, the assay was linear from a limit of quantitation of 0.2 to 2 g/ml for quinupristin, dalfopristin, and RP 12536 and a limit of quantitation of 0.01 to 1 g/ml for RP 69012 and RPR 100391, with a 1.10-ml acidified-dialysate sample volume. Precision and accuracy of the assay were evaluated by the determination of quality controls at three different levels (0.2, 1, and 2 g/ml for quinupristin, dalfopristin, and RP 12536 and 0.1, 0.5, and 1 g/ml for RP 69012 and RPR 100391). With plasma, the coefficients of variation were lower than 11.7% and accuracy was between 96 and 104.8%. With dialysate, the coefficients of variation were lower than 17.7% and accuracy was between 90.7 and 114.3%.
Pharmacokinetic analysis. Noncompartmental pharmacokinetic analysis was performed with WinNonlin, version 1.1 (Pharsight of North Carolina). The maximum concentration of drug in plasma (C max ) and the time at which C max occurred (T max ) were determined from the experimental concentration-time curve in plasma. The area under the concentration-time curve (AUC) in plasma from time zero to the time of the last detectable sample (AUC 0-t ) was determined by the linear trapezoidal rule. The AUC in plasma from time zero to infinity (AUC 0-ϱ ) was calculated by the trapezoidal rule with extrapolation to infinity. The rate constant for elimination (k el ) was calculated from the log-linear regression of the terminal concentration-time data. The apparent t 1/2␤ was calculated with the equation ln 2/k el . For the metabolites, this apparent elimination half-life is an aggregate of metabolite formation and elimination. The clearance (CL) of the parent drugs from plasma was calculated by dividing the dose by the AUC 0-ϱ . The volume of distribution (V) was calculated by dividing the CL by the k el . Dialysis CL was determined from the equation Statistical analysis. Mean pharmacokinetic parameters were compared between groups by t test (parametric) or exact two-way Wilcoxon rank-sign test (nonparametric) analysis. A P of Ͻ0.05 was considered significant. Pharmacokinetic data are expressed as means Ϯ standard deviations (SD). Descriptive statistics were used to summarize the safety evaluation.
RESULTS

Patient demographics.
The mean age for all participants was 43.6 years (range, 19 to 67 years). The mean weight for the CAPD patients was 72.2 kg (range, 60 to 104 kg); the mean height for all participants was 172.2 cm (range, 159 to 182 cm). There were 10 males (5 in each group) and 6 females (3 in each group). Potential participants were excluded if they exhibited any evidence of liver disease. Baseline blood pressures and heart rates were slightly higher in the CAPD patients and remained so throughout the study.
Pharmacokinetics. The mean concentration-time profiles in plasma for quinupristin, RPR 100391, and RP 69012 are presented in Fig. 1 . Quinupristin concentrations could not be determined accurately for CAPD patients 2 and 3 due to suspected interference with furosemide in the plasma. The mean concentration-time profiles in plasma for dalfopristin and pristinamycin IIA are presented in Fig. 2 . The pharmacokinetic parameters are presented in Tables 1 and 2 . The peak concentrations of all metabolites in plasma were achieved at nearly the same time as the peak concentrations of the parent compounds in plasma for both healthy volunteers and CAPD patients. Mean total CL from plasma for both parent compounds was high for each group of study participants. There was no statistically significant decrease in CL from plasma or V values for the CAPD patients compared to values for the healthy subjects for either quinupristin or dalfopristin. Moderate increases in the AUC 0-t values for quinupristin (ϩ18%) and dalfopristin (ϩ29%) were observed for the CAPD patients compared to those for the healthy volunteers; however, these differences were not statistically significant. The AUC 0-t values of the metabolites were comparable in both groups.
Dalfopristin and a glutathione conjugate of quinupristin (RP 69012) were not detected in dialysis effluent. Quinupristin was detected at very low concentrations (0.24 g/ml) in the dialysate effluents of only two patients at 1.25 h after the start of the infusion. Pristinamycin IIA was present in dialysate at 1.25, 2, and 3 h after the start of infusion at low concentrations compared to those observed in plasma. A mean C max of 0.207 g/ ml in dialysate was reached at 2 h compared to that of 0.974 g/ml in plasma at the end of infusion. Dialysate pristinamycin IIA concentrations at 6 h were nondetectable. The cysteine conjugate of quinupristin (RPR 100391) appeared slowly in dialysate, reaching a mean C max at 6 h after the start of infusion. The dialysate RPR 100391 concentrations were low compared to those observed in plasma. RPR 100391 was the only compound for which peritoneal CL could be calculated (0.56 Ϯ 0.28 liter/h). Peritoneal CL values for quinupristin, dalfopristin, and their respective metabolites were negligible. Due to the very low rate of dialysate CL for all the compounds, no rate of appearance of the intravenously administered product into the peritoneal fluid was estimated. Safety results. There were no clinically significant changes in any of the laboratory parameters from baseline through study termination 10 h after the start of infusion. There were 34 adverse events, 28 in the CAPD group and 6 in the healthy volunteer group, as noted in Table 3 . All adverse events were mild, and they resolved prior to discharge from the study. Six patients and one healthy volunteer experienced pain at the infusion site. No patients had inflammation at the infusion site, but three of the healthy volunteers did. Five of the CAPD patients, but none of the healthy volunteers, experienced nausea.
DISCUSSION
Previous studies of healthy volunteers have demonstrated that following a 1-h infusion, quinupristin and dalfopristin undergo rapid elimination, with t 1/2␤ values of about 1 h. Approximately 75% of the dose of each compound is fecally excreted. Less than 20% of the dose is excreted in the urine as either parent drug or metabolites (5) . In a previous study of intravenous quinupristin-dalfopristin given to patients with severe chronic renal failure, the disposition profiles of quinupristin were comparable in patients with severe renal failure and in healthy volunteers. However, the elimination of quinupristin metabolites may have been somewhat impaired, as indicated by selective bioassay. The elimination of dalfopristin was slightly modified in the renal-failure patients. The mean C max and AUC 0-ϱ values for dalfopristin were about 1.3 times higher than those estimated for healthy volunteers (11a).
For quinupristin and dalfopristin, the results of the present study are consistent with the results of the earlier study of patients with chronic renal failure. While not statistically significant, the slight-to-moderate increases in AUC 0-t values in plasma suggest that nonrenal CL of these compounds may be slightly reduced in patients undergoing CAPD. The pharmacokinetic parameters for the metabolites in our study showed some differences compared to those of the earlier study of chronic renal failure. In the earlier study, statistically significant increases were observed in the AUC 0-t values of quinupristin and active metabolites, as determined by bioassay, suggesting an increase of quinupristin metabolite concentrations. In the present study, no differences in AUC 0-t values for quinupristin metabolites were observed between CAPD patients and healthy volunteers. This difference between the two studies may be explained by differences in analytical techniques used (bioassay versus high-performance liquid chromatography) or by the contribution of CL via peritoneal dialysis. This latter hypothesis seems unlikely given the molecular weights of quinupristin and its metabolites. The pharmacokinetic parameters observed in the present study for the healthy volunteers were similar to those seen in previous studies with volunteer groups.
Patients receiving peritoneal dialysis may develop community-acquired or nosocomial infections for which quinupristindalfopristin may be indicated. The results of this study indicate that peritoneal CL of both drugs and their metabolites is a relatively insignificant contributor to total body CL. Because insignificant amounts of both parent drugs and their metabolites are excreted into dialysis effluent, intravenous dosing of quinupristin and dalfopristin is unlikely to be adequate for the treatment of peritoneal dialysis-related peritonitis. While the data from this study suggest that dose adjustments will not be required for intravenous administration to patients receiving CAPD, future multiple-dose studies will need to confirm dosing recommendations for therapeutic use. Currently, there are no data regarding the intraperitoneal dosing of this antibiotic combination. 
